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© Polyketone polymer preparation. 

© Polyketone polymers are prepared by po.ymeriz.ng a mixture of carbon ^^^J^TTS^ 
presence of a cLyst composition on the basis of therein R 1 to ^e the^ame or 

than 6 and a phosphorus bidentate ligand of general formula R'R^-R-PH R . wnerein « to n w 
SJ^^Si^ ^Arttuted ary. groups, and where the o.efin/CO partia. pressure rat,o l.es between 1 and 4. 
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POLYKETONE POLYMER PREPARATION 



The invention relates to a process for the preparation of polymers of carbon monoxide with one or more 
T Sa^ P-ess for preparing polymers is Known 

composition based upon 

a) a palladium compound, 

k\ *n anion nf an acid with a pKa of less than 2, except hahdes, and 

c TbXntate Tga^oTthe genera, formula R 1 R'-M-R-M-R 3 R*. wherein M represents Phosphorus 
• rt , JnZonv R, FU R 3 and R* represent hydrocarbyl groups which may or may not be 

;Sute°d wTpX g^ups R a 2 nd R^represents a Sivaien, organic bridging group which contains at .east two 

carbon atoms in the bridge. 

Examoles of suitable bidentate ligands are i,3-bis(di-4-tolylphosphino)propane and 1 
meth^ypEeny.pLphino))propane. Especially suitab.e are l.3-bis(d ip heny. P hosph,no)propane and 2- 

"-^S^^ * - « - ~oups or 

subsSd pheny'gCrand w^erein'the biva.ent organic bridging group R contains three carbon atoms 

overall pressure employed during polymerization, as well as on the type of b,sphosph,ne present 

m0, Ne"S,er^d ht a change in the olefin/carbon monoxide partial pressure ratio general* lead . to any 
signSrch d ange a Reaction rate when the po.ymerizat.cn was 

than 75 bar and by using a catalyst '3*™ partial 

said EP-specification. It was, however, seen that under these J=°" a, "° ns obtained in that polymers 

pressure ratio has a great influence on the molecular we.ghts an olefin/carbon 
have considerably higher molecular weights when »e at the 

° UtS strpl S inT e i't has now been found that the simultaneous application of two measures namely _ *. 
choice of a sTecial. nove. type of ligands and the choice of olefin/carbon monox.de rafos of from 1 to 4, 
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allows to carry ou^me polymerization reaction without the limitation imposed according to EP-246674, 
whereas the reaction rates or the molecular weights attained are increased with respect to the known 
processes (provided all other conditions are kept equal). The novel type of ligands is characterized by the 
nature of their aryl groups R 1 to R 4 , of which each one should contain one or more polar substituents, of 

5 which polar substituents at least one per aryl group occupies a position ortho in respect to the phosphorus 
atom to which the aryl group concerned is bound. 

Accordingly, the present invention relates to a process for the preparation of polyketone polymers, 
wherein a mixture of carbon monoxide with one or more alpha-olefins is polymerized at an olefin/carbon 
monoxide partial pressure ratio of from 1 to 4, by using a catalyst composition on the basis of 

70 a) a palladium compound, 

b) an anion of an acid with a pKa of less than 6, and 

c) a phosphorus bidentate ligand of the general formula R 1 R 2 P-R-PR 3 R\ wherein R\ R 2 . R 3 and R 4 
represent the same or different polar-substituted aryl groups, and R represents a bivalent organic bridging 
group containing three atoms in the bridge at least two of which are carbon atoms, characterized in that 

;s each of the aryl groups R 1 to R 4 contains at least one polar substituent in a position ortho to the 
phosphorus atom bound to the aryl group concerned, and in that the polymerization is carried out at an 
olefin/carbon monoxide partial pressure ratio of from 1 to 4, 
wherein the subject matter of EP-246674 is disclaimed. 

20 The patent application further relates to certain catalyst compositions containing a bisphosphine as 
claimed for component c), as novel compositions. 

The process according to the invention is preferably carried out at an overall pressure of from 20 to 1 50 
bar and in particular of from 30 to 100 bar. For economic reasons, overall pressures below 75 bar will 
mainly be employed. The olefin/carbon monoxide partial pressure ratio applied preferably lies between 1.5 

25 and 3.5 and in particular between 2 and 3. The polymerization is preferably carried out at a temperature of 
from 40 to 120* C and in particular of from 50 and 100* C. Further, it is preferred to carry out the 
polymerization in a diluent in which the polymers are insoluble or virtually insoluble. Very suitable dilents 
are lower alcohols and in particular methanol. In the process of the invention, such a quantity of^ catalyst 
composition is preferably used per mol of olefin to be polymerized as to contain from 10~ 7 to 10 3 and in 

30 particular from 10" 6 to 10~ 4 gram atom of palladium. The polymerization of the invention may be carried 

out either batchwise or continuously. 

The palladium compound used in the catalyst composition as component a) is preferably a palladium 
salt of a carboxylic acid and in particular palladium acetate. The component b) preferably used in the 
catalyst compositions is an anion of an acid with a pKa of less than 4 (determined in aqueous solution at 

as 18" C) and in particular an anion of an acid with a pKa of less than 2. Examples of suitable acids are 
sulphuric acid, perchloric acid, sulphonic acids, such as methane sulphonic acid, trifluoromethane sulphonic 
acid and para-toluenesulphonic acid, and carboxylic acids, such as trichloroacetic acid, difluoroacetic acid 
and trifluoroacetic acid. Preference is given to trifluoroacetic acid. In addition to the afore-mentioned acid, 
the following may also be suitably used in the catalyst compositions as components b): 2.4,6-trimethylben- 

40 zenesulphonic acid. 2.4,5-trichlorobenzenesulphonic acid. 2.6-di hydroxy benzoic acid, methanedisulphonic 
acid and sulphoacetic acid. Catalyst compositions containing a palladium compound as component a), a 
bisphosphine as defined hereinbefore as component c) and one of the five last-mentioned acids as 
component b), are novel compositions. Component b) is preferably present in the catalyst compositions in a 
quantity of from 0.5 to 50 and in particular of from 1 to 25 mol per gram atom of palladium. Component b) 

45 may be taken up in the catalyst compositions either in the form of an acid or as a salt. Eligible salts include 
non-noble transition metal salts. When a salt of a non-noble transition metal is used as component b), 
preference is given to a copper salt. If desired, components a) and b) may be used combined in a single 
compound. An example of such a compound is palladium para-tosylate. 

In the bisphosphines of the general formula R 1 R 2 P-R-PR 3 R 4 which may be suitably used in the 

so catalyst compositions as components c), the polar-substituted aryl groups R\ R 2 R 3 and R 4 are preferably 
polar-substituted phenyl groups. As polar substituents that may occur in the groups R\ R 2 . R 3 and R 4 may 
be mentioned, La., alkoxy groups, such as methoxy groups, and thioalkyl groups, such as thiomethyl 
groups. In the catalyst compositions, it is preferred to employ bisphosphines in which the groups R\ R 2 R 3 
and R 4 are the same. Preference is further given to bisphosphines in which the polar substituents present in 

55 the groups R\ R 2 , R 3 and R 4 are alkoxy groups and in particular methoxy groups. As for the bridging 
groups R present in the bisphosphines, preference is given to bridging groups containing three atoms in the 
bridge, at least two of which are carbon atoms. Examples of suitable bridging groups R are the -CH 2 -CH 2 - 
CH 2 -group. the -CH 2 -C(CH 3 ) 2 -CH 2 -group and the -CH 2 -Si(CH 3 ) 2 -CH 2 -group. Bisphosphines that can be 
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very suitably used as^WTponents c) in the catalyst compositions are 

1 ,3-bis{bis(2-methoxyphenyl)phosphino]propane, 

1,3-bis[bis(2,4-dimethoxyphenyl)phosphino]propane, 

1 ,3-bis[bis(2,6-dimethoxyphenyl)phosphino]propane, and 
5 l,3-bis[bis(2.4 f 6-trimethoxyphenyl)phosphino]propane. 

In the process of the invention, special preference is given to the use of catalyst compositions 

containing 1 ,3-bis[bis(2-methoxyphenyl)phosphino]propane as component c). By preference, the 

bisphosphines are employed in the catalyst compositions in a quantity of from 0.5 to 2 and in particular of 

from 0.75 to 1.5 mol per gram atom of palladium, 
ro In order to enhance the activities of the catalyst compositions, a 1 ,4-quinone may be incorporated as a 

component d). 1 ,4-benzoquinones and 1 ,4-naphthoquinones have proven very suitable for the purpose. 

Preferably, the amount of 1,4-quinone used is 5-5000 and in particular 10-1000 mol per gram atom of 

palladium. 

The alpha-olefins used in the process of the invention preferably contain at most 10 carbon atoms per 
/5 molecule. Examples of suitable aipha-olefins are ethene. propene, butene-1 , hexene-1 , and octene-1 . The 
process of the invention is particularly important for its use in the preparation of copolymers of carbon 
monoxide with ethene and in the preparation of terpolymers of carbon monoxide with ethene and another 
alpha-olefin, in particular propene. 

As a rule, the polymers prepared by the invention will exhibit higher intrinsic viscosities according as 
20 their molecular weights are higher. For the determination of the intrinsic viscosity of a polymer prepared 
according to the invention, four solutions are first of all prepared by dissolving the polymer in four different 
concentrations at 60 *C in m-cresol. For each of these solutions, the viscosity is measured in a viscometer 
at 60 * C relative to m-cresol at 60 # C. If T Q represents the outflow time of m-cresol and T p the outflow time 
of the polymer solution, the relative viscosity (n re i) is obtained from 



T P 



From can be calculated the inherent viscosity (iyi„h) according to the formula 

In q 

35 1 inh = 



wherein c represents the concentration of the polymer in grams per 100 ml of solution. By plotting 
40 graphically the ninh found for each of the four polymer solutions against the corresponding concentration {c) 
and then by extrapolating to c = 0, the intrinsic viscosity fa] in dl/g is found. Instead of "intrinsic viscosity", 
this patent application will henceforth use the term recommended by the International Union of Pure and 
Applied Chemistry, viz. "Limiting Viscosity Number" (LVN). 

The invention will now be illustrated with the aid of the following examples. * 

45 

Example 1 

A carbon monoxide/ethene copolymer was prepared as follows. A mechanically stirred autoclave with a 
so volume of 300 ml was charged with 150 ml of methanol. After the contents of the autoclave were brought to 

85 ' C, ethene and carbon monoxide were introduced in such quantities that the ethene partial pressure was 

28.5 and the carbon monoxide partial pressure was 11.5 bar. Subsequently, a catalyst solution was 

introduced into the autoclave which comprised 

4.5 ml methanol, 
55 1 .5 ml toluene. 

0.01 mmol palladium acetate, 

0.2 mmol trifluoroacetic acid, and 

0.012 mmol 1,3-bis{bis(2-methoxyphenyl)phosphino]propane. 
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30 





The pressure inside the autoclave was maintained by pressing in a 1:1 carbon monoxide/ethene 
mixture. After 2 hours, the polymerization was terminated by cooling the reaction mixture to room 
temperature and releasing the pressure. The copolymer was filtered off, washed with methanol and dried at 
70' C. 

The yield was 19.2 g of copolymer. The polymerization rate was 10.2 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 1.5 dl/g. 

Example 2 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
Example 1 , except that the reaction temperature was 75 C instead of 85 C. 

The yield was 15.7 g of copolymer. The polymerization rate was 8.3 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 3.0 dl/g. 

Example 3 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 

20 Example 1 , the differences being 

a) the reaction temperature was 70 * C instead of 85 * C, and 

b) such quantities of ethene and carbon monoxide were pressed into the autoclave that the ethene 
partial pressure was 57 bar and the carbon monoxide partial pressure was 23 bar. 

25 The yield was 15.3 g of copolymer. The polymerization rate was 8.1 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 6.0 dl/g. 



Example 4 



A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
Example 1 , the differences being 

a) the reaction temperature was 90* C instead of 85* C. 

b) such quantities of ethene and carbon monoxide were pressed into the autoclave that the ethene 
35 partial pressure was 57 bar and the carbon monoxide partial pressure was 23 bar, and 

c) the reaction time was 1 hour instead of 2 hours. 

The yield was 22.5 g of copolymer. The polymerization rate was 23.8 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 2.0 dl/g. 

40 

Example 5 

A carbon monoxide/ethene/propene terpolymer was prepared substantially in the same way as the 
45 copolymer of Example 1, the differences being 

a) such quantities of ethene, propene and carbon monoxide were pressed into the autoclave that the 
ethene partial pressure was 20 bar, the propene partial pressure was 13.5 bar, and the carbon monoxide 
partial pressure was 22.5 bar, and 

b) the reaction time was 3 hours instead of 2 hours. 

50 

The yield was 17.5 g of terpolymer. The polymerization rate was 6.2 kg terpolymer/g palladium.hour. 
The terpolymer had an LVN of 1.1 dl/g. 

55 Example 6 

A carbon monoxide/ethene/propene terpolymer was prepared substantially in the same way as the 
copolymer of Example 1, the differences being 
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a) the reaction temperature was 75 C instead of 85 C, 

b such quantities of ethene, propene and carbon monoxide were pressed into the autoclave that the 
ethene partial pressure was 34 bar, the propene partial pressure was 23 bar. and the carbon monoxide 

partial pressure was 23 bar, and 
5 c) the reaction time was 3 hours instead of 2 hours. 

The yield was 15.6 g of terpolymer. The polymerization rate was 5.5 kg terpolymer/g palladium.hour. 
The terpolymer had an LVN of 2.6 d!/g. 

10 

Example 7 

A carbon monoxide/ethene copolymer was prepared as follows. A mechanically stirred autoclave with a 

volume of 300 ml was charged with 200 ml of methanol. After the contents of the autoclave were brought to 
,s 90* C, ethene and carbon monoxide were introduced in such quantities that the ethene partial pressure was 

39 and the carbon monoxide partial pressure were 16 bar. Subsequently, a catalyst solut.cn was introduced 

into the autoclave which comprised 

23;5 ml methanol, 

1 .5 ml toluene, 
20 0.01 mmol palladium acetate, 

0.027 mmol 2,4,6-trimethylbenzenesulphonic acid, and 

0.01 2 mmol 1 ,3-bis[bis(2-methoxypheny l)phosphino]propane. ,, ... o 

The pressure inside the autoclave was maintained by pressing in a 1:1 carbon monoxide/ethene 
mixture After 2.5 hours, the polymerization was terminated by cooling the reaction mixture to room 
25 temperature and releasing the pressure. The copolymer was filtered off, washed with methanol and dried at 

70 The yield was 10.4 g of copolymer. The polymerization rate was 3.9 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 1 .7 dl/g. 

30 

Example 8 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer ^of 
Example 7, except that the catalyst solution contained 0.021 mmol of 2,4.5-trichlorobenzenesulphonic acid 
35 instead of 0.027 mmol of 2,4,6-trimethylbenzenesulphonic acid. 

The yield was 8.7 g of copolymer. The polymerization rate was 3.2 kg copolymer/g palladium.hour. The 

copolymer had an LVN of 1 .3 dl/g. 
40 Example 9 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 

Example 7, except for the following differences 

a) the catalyst solution contained 0.020 mmol of trifluoromethanesulphonic acid instead of 0.027 

45 mmol of 2,4,6-trimethylbenzenesulphonic acid, and 

b) the reaction time was 3 hours instead of 2.5 hours. 

The yield was 13.8 g of copolymer. The polymerization rate was 4,2 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 1.4 dl/g. 



50 



Example 10 



A carbon monoxide/ethene copolymer was prepared sub- stantially in the same way as the copolymer 

55 of Example 7, except for the following differences < rt , rt < 0 a * 

a) the catalyst solution contained 0.02 mmol of sulphuric acid instead of 0.027 mmol of 2.4,6- 

trimethylbenzenesulphonic acid, and 
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b) the rea^^time was 3 hours instead of 2.5 hours. 

The yield was 8.4 g of copolymer. The polymerization rate was 2.8 kg copolymer/g palladium.hour. The 
copolymer had an LVN of 1 .5 dl/g. 

Example 1 1 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
w Example 7. except for the following differences 

a) the catalyst solution contained 0.06 mmol of 2,6-dihydroxybenzoic acid instead of 0.027 mmol of 

2,4,6-trimethylbenzenesulphonic acid, and 

b) the reaction time was 1.5 hour instead of 2.5 hours. 

, 5 The yield was 4.7 g of copolymer. The polymerization rate was 3.1 kg copolymer/g palladium.hour. The 
copolymer had an LVN of 0.2 dl/g. 



20 



Example 12 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
Example 7, except that a catalyst solution was introduced into the autoclave which comprised 
23.5 ml methanol, 
1.5 ml toluene, 
25 0.0025 mmol palladium acetate, 

0.05 mmol perchloric acid(taken up as a 70 %w solution in water), and 
0.0030 mmol 1,3-bistbis(2-methoxyphenyl)phosphino]propane. 

The yield was 12.4 g of copolymer. The polymerization rate was 18.5 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 2.8 dl/g. 
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Example 13 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
35 Example 7, except for the following differences 

a) a catalyst solution was introduced into the autoclave which comprised 

23.5 ml methanol, . 
1 .5 ml toluene, 

0.0025 mmol palladium acetate, 
40 0.012 mmol perchloric acid (taken up as a 70 %w solution in water), and 
0.0030 mmol 1 ,3-bistbis(2-methoxyphenyl)phosphino]propane, 

b) the reaction time was 1.5 hour instead of 2.5 hours. 

The yield was 6.3 g of copolymer. The polymerization rate was 15.7 kg copolymer/g palladium.hour. 
45 The copolymer had an LVN of 2.1 dl/g. 



Example 14 

so A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
Example 7. except that a catalyst solution was introduced into the autoclave which comprised 
23.5 ml methanol, 
1.5 ml toluene, 

0.01 mmol palladium acetate, 
55 0.02 mmol perchloric acid (taken up as a 70 %w solution in water), and 
0.012 mmol 1 ,3-bis[bis(2-methoxyphenyl)phosphino]propane. 

The yield was 21.1 g of copolymer. The polymerization rate was 7.9 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 1 .3 dl/g. 
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Example 15 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
Example 7, except for the following differences 

a) a catalyst solution was introduced into the autoclave which comprised 

23.5 ml methanol, 
1 .5 ml toluene. 

0.01 mmol palladium acetate, 

0.01 1 mmol methanedisulphonic acid, and 

0.012 mmol i,3-bis[bis(2-methoxyphenyl)phosphino]propane, and 

b) the reaction time was 6 hours instead of 2.5 hours. 

The yield was 12.6 g of copolymer. The polymerization rate was 5.4 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 3.0 dl/g. 
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Example 16 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 

20 Example 7, except for the following differences 

a) a catalyst solution was introduced into the autoclave which comprised 

23.5 ml methanol, 
1.5 ml toluene, 

0.01 mmol palladium acetate, 

25 0.027 mmol sulphoacetic acid, and 

0 012 mmol 1,3-bis[bis(2-methoxyphenyl)phosphino]propane, and 

■ b *e reaction time was 5 hours instead of 2.5 hours. The yield was 21 9 9 of copolymer. The 

polymerization rate was 4.1 kg copolymer/g palladium.hour. The copolymer had an LVN of 2.1 dl/g. 
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Example 17 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as £ 
Example 1, except that such quantities of ethene and carbon monox.de were pressed ,nto the autoclave that 
the^thene partial pressure was 33.5 bar, and the carbon monoxide part.al pressure was 6.5 bar 

The yieW was 13.4 g of copolymer. The polymerization rate was 7.1 kg copolymer/g pallad.um.hour. 

The copolymer had an LVN of 0.7 dl/g. 



Example 18 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as Ore copolymer ot 

„ irSSTJSS "n monoxide were preeeed into me _ M ... ethane 

partial pressure was 13 bar and the carbon monoxide partial pressure was 27 bar, and 
b) the reaction time was 1 0 hours instead of 2 hours. 

The yield was 19.8 g of copolymer. The polymerization rate was 2.1 kg copolymer/g palladium.hour. 
so The copolymer had an LVN of 1 .2 dl/g. 



Example 19 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 

* , r || _| « t { . i i _ . _1 r— i r-i 



Example 1 . except for the following differences 

a) the reaction temperature was 75* C instead of 85 C, 
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b) such quantities of ethene and carbon monoxide were pressed into the autoclave that the ethene 
partial pressure was 33.5 bar and the carbon monoxide partial pressure was 6.S bar, and 

c) the reaction time was 3 hours instead of 2 hours. 

The yield was 18.6 g of copolymer. The polymerization rate was 6.2 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 1 .5 dl/g. 



Example 20 

70 

A carbon monoxide/ethene copolymer was prepared substantially in the same way as the copolymer of 
Example 1, except for the following differences 

a) the reaction temperature was 75 # C instead of 85 C, 

b) such quantities of ethene and carbon monoxide were pressed into the autoclave that the ethene 
rs partial pressure was 1 3 bar and the carbon monoxide partial pressure was 27 bar, and 

c) the reaction time was 10 hours instead of 2 hours. 

The yield was 10.4 g of copolymer. The polymerization rate was 1.1 kg copolymer/g palladium.hour. 
The copolymer had an LVN of 2.5 dl/g. 

20 

Example 21 

A carbon monoxide/ethene/propene terpolymer was prepared substantially in the same way as the 
25 copolymer of Example 1 . except for the following differences 

a) the autoclave was charged with 125 ml instead of 150 ml of methanol, 

b) such quantities of ethene, propene and carbon monoxide were pressed into the autoclave that the 
ethene partial pressure was 28.5 bar, the propene partial pressure was 1 8.5 bar and the carbon monoxide 
partial pressure was 9 bar, and 

30 c) the reaction time was 10 hours instead of 2 hours. 

The yield was 10.4 g of terpolymer. The polymerization rate was 1.1 kg terpolymer/g palladium.hour. 
The terpolymer had an LVN of 0.4 dl/g. 

35 

Example 22 

A carbon monoxide/ethene/propene terpolymer was prepared substantially in the same way as the 
copolymer of Example 1 , except for the following differences 
40 a) such quantities of ethene, propene and carbon monoxide were pressed into the autoclave that the 

ethene partial pressure was 15 bar, the propene partial pressure was 10 bar and the carbon monoxide 
partial pressure was 31 bar, and 

b) the reaction time was 5 hours instead of 2 hours. 

45 The yield was 18.4 g of terpolymer. The polymerization rate was 3.9 kg terpolymer/g palladium.hour. 
The terpolymer had an LVN of 0.9 dl/g. 



Example 23 

50 

A carbon monoxide/ethene/propene terpolymer was prepared substantially in the same way as the 
copolymer of Example 1, except for the following differences 

a) the autoclave was charged with 125 ml instead of 150 mi of methanol, 

b) the reaction temperature was 75* C instead of 85 C, 

55 c) such quantities of ethene, propene and carbon monoxide were pressed into the autoclave that the 

ethene partial pressure was 40 bar, the propene partial pressure was 27 bar and the carbon monoxide 
partial pressure was 13 bar, and 
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# 

d) the reaction time was 5 hours instead of 2 hours. 

The yield was 14.6 g of terpolymer. The polymerization rate was 3.1 kg terpolymer/g palladium.hour. 
The terpolymer had an LVN of 1.4 dl/g. 



Example 24 

A carbon monoxide/ethene/propene terpolymer was prepared substantially in the same way as the 
w copolymer of Example 1, except for the following differences 

a) the reaction temperature was 75 # C instead of 85 C, 

b) such quantities of ethene, propene and carbon monoxide were pressed into the autoclave that the 
ethene partial pressure was 16 bar. the propene partial pressure was 10 bar and the carbon monoxide 
partial pressure was 54 bar, and 

75 c) the reaction time was 7 hours instead of 2 hours. 

The yield was 19.8 g of terpolymer. The polymerization rate was 3.0 kg terpolymer/g palladium.hour. 

The terpolymer had an LVN of 1.8 dl/g. 

Of Examples 1-24. Examples 1-16 are examples in accordance with the invention. In these examples, 
carbon monoxide/ethene copolymers and carbon monoxide/ethene/propene terpolymers were prepared at 
overall pressures in the range of from 40 to 80, and olefin/carbon monoxide partial pressure ratios of from 1 

to 4. 

Examples 17-24 fall outside the scope of the invention and have been included in the patent application 
for comparison. In these examples, the carbon monoxide/ethene copolymers and carbon 
monoxide/ethene/propene terpolymers were prepared at olefin/carbon monoxide partial pressure ratios of 

less than 1 or more than 4. 

With the aid of ,3 C-NMR analysis it was established that the carbon monoxide/ethene copolymers 
prepared by Examples 1-4 and 7-20 had a linear alternating structure and that therefore they consisted of 
units of the formula -(COHC 2 H*)-. With the aid of ' 3 C-NMR analysis it was also established that the carbon 
monoxide/ethene/propene terpolymers prepared by Examples 5. 6 and 21-24 had a linear structure and that 
therefore they consisted of units of the formula -(COMC2H4)- and units of the formula -<COMC 3 H s )-. which 
units occurred randomly distributed within the terpolymers. 

The favourable effect which the execution of the polymerization at an olefin/carbon monoxide partial 
pressure ratio of from 1 to 4 has both on polymerization rates and on molecular weights is clearly 
demonstrated by the comparison of the results listed in the table following. This effect is felt in the 
preparation both of copolymers and of terpolymers. and when carrying out the polymerization both at 
pressures above 75 bar and at pressures below 75 bar. 

The latter is surprising, for the examples given in Applicant's earlier EP-246674 indicated that only at 
high overall pressures, e.g. 150 bar, the olefin/CO ratio had any influence on the reaction. 
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Polymerization 
rate, g pol/g Pd.h 


LVN, 
dl/g 


Example 
No. 


Polymer type 


Polymerization conditions 






Temperature, 
'C 


Overall 
pressure, bar 


Olefin/CO partial 
pressure ratio 






1 

1 7 

18 


CO/C 2 = 

co/c? = 
C0/C2 = 


85 
85 
85 


40 
40 
40 


2^5 ' 

5.2 

0.5 


102 
7.1 
2.1 


1.5 
0.7 
1.2 


2 

10 

20 


CO/C2 s 
co/c* s 

CO/C2 = 


75 
75 
75 


40 
40 
40 


2^5 
5.2 
0.5 


8^3 
6.2 
1.1 


3.0 
1.5 
2.5 


5 
21 
22 


co/c 2 = /c 3 = 
co/c 2 = /c 3 = 
co/c 2 s /c 3 s 


85 
85 
85 


56 
56 
56 


Ti 

5.2 
0.8 


62 
1.1 
3.9 


1.1 
0.4 
0.9 


T 

23 

24 


co/c 2 = /c 3 = 

CO/C2 = /c 3 s 

CO/Ca'/Cj" 


75 
75 
75 


80 
80 
80 


ZS 
5.2 
0.5 


5^5 
3.1 
3.0 


2.6 
1.4 
1.8 



Claims 



1 Process for the preparation of polyketone polymers, wherein a mixture of carbon monoxide with one 
or more alpha-olefins is polymerized at an olefin/carbon monoxide partial pressure ratio of from 1 to 4. toy 
using a catalyst composition on the basis of 

a) a palladium compound, 

b) an anion of an acid with a pKa of less than 6, and . . B * 
c a phosphorus bidentate ligand of the general formula R<R*P-R-PR3R*. wherein R 1 , R 2 , R 3 and I R 
represent the same or different polar-substituted aryl groups, and R represents a b,valent organic bndg.ng 
group containing three atoms in the bridge at least two of which are carbon atoms, characterized in that 
each of the aryl groups R< to R* contains at least one polar substituent in a position ortho to the 
phosphorus atom bound to the aryl group concerned, and in that the polymerization is earned out at an 
olefin/carbon monoxide partial pressure ratio of from 1 to 4, 

wherein the subject matter of EP-246674 is disclaimed. 

2. A process as claimed in claim 1. characterized in that it is carried out at an overall pressure of from 

30 X V°A process as claimed in claim 1 or 2. characterized in that it is carried out at an olefin/carbon 

monoxide partial pressure ratio of from 1 .5 to 3.5. 

4 A process as claimed in one or more of claims 1-3. characterized in that the catalyst composition 
contains as component c) a bisphosphine in which the groups R', R 2 , R 3 and R* represent polar-subsftuted 

Phen 5 yl A 'process as claimed in one or more of claims 1-4. characterized in that the catalyst composition 
contains as component c) a bisphosphine in which the groups R' . R 2 . R 3 and R* are the same 

6 A process as claimed in one or more of claims 1-5. characterized in that the catalyst composition 
contains as component c) a bisphosphine in which the polar groups are alkoxy groups, such as methoxy 

9r ° U 7 S A process as claimed in claims 4. 5 and 6. characterized in that the catalyst composition contains 
1 ,3-bis[bis(2-methoxyphenyl)phosphino]propane as component c). v . . •„ 

8. A process as claimed in one or more of claims 1-7, characterized in that component c) is present in 
the catalyst composition in a quantity of from 0.5 to 5 mol per gram atom of palladium. 

9. Novel catalyst compositions, characterized in that they are based upon 
a) a palladium compound, 
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b) an anion of aMd chosen from the group made up of 2.4^hethylben 2 enesulphonic add. 
2.4,5-trichlorobenzene sulphonic acid. 2.6-dihydroxybenzoic acid, methanedisulphonic acid and sulphoacetic 
acid, and 

c) a phosphorus bidentate ligand as defined in claim 1 under c). 

10. A catalyst composition as claimed in claim 9, characterized in that component a) is palladium 
acetate and component c) is 1 >bis[bis(2-methoxyphenyl)phosphino]propane. 
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© Polyketone polymer preparation. 



© Polyketone polymers are prepared by polymeriz- 
ing a mixture of carbon monoxide and alpha-olefin(s) 
in the presence of a catalyst composition on the 
basis of a palladium compound, an anion of an acid 
with a pKa of less than 6, and a phosphorus biden- 
tate ligand of general formula R 1 R 2 P-R-PR 3 R 4 . 
wherein R 1 to R 4 are the same or different ortho- 
polar substituted aryl groups, and where the 
olefin/CO partial pressure ratio lies between 1 and 4. 
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